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Resilient Waterfront Urbanism:
Redesigning an Urban Block for Flood Adaptive living and Crisis Interdependence

1. Background

Urban flooding has emerged as a pressing challenge in many parts of India and
across the globe, driven by a combination of global climate dynamics and local
urban pressures. Climate change has intensified extreme weather events, making
floods not only more frequent but also more severe. At the local scale, smaller
urban rivers are particularly vulnerable—facing challenges such as encroachments
along riverbanks, the neglect of riparian buffer zones, and unchecked urban
sprawl, all contributing to significant environmental degradation.

As highlighted in the IPCC Report (2021), global warming is expected to
exacerbate these issues, intensifying flood risks and further straining urban
resilience. In the context of rapidly expanding cities, it becomes imperative to
address these vulnerabilities through sustainable planning and design practices.
Balancing urban growth with ecological sensitivity is essential to mitigate the
impacts of fluvial flooding and to ensure the long-term health of urban river
systems.

2. Need of Study

The Budameru Rivulet, like many urban waterways across India, highlights the
complex challenges of urban flooding caused by both natural hydrological cycles
and human-induced alterations. Rapid urbanisation and the growth of informal
settlements along the riverbanks have disrupted natural drainage patterns,
increasing the area's vulnerability to floods. These persistent issues have resulted
in structural damage and loss of life, underscoring the urgent need for thoughtful
intervention. This thesis explores how architecture can coexist with flooding by
creating adaptable, flood-responsive built environments that also offer safe,
liveable spaces for communities.

3. Aim of Study

To develop a replicable model for urban flood management in India's minor rivers
and streams, emphasising the mitigation of adverse effects caused by unregulated
development on floodplains. This study aims to document and assess architectural
strategies for flood-resilient construction in vulnerable zones, presenting feasible
design protocols to minimise property loss and strengthen community resilience.
Furthermore, the thesis explores how architecture can coexist with flooding by
creating adaptable, liveable spaces that embrace water as a dynamic
environmental condition rather than a threat, promoting flexibility, habitability, and
long-term resilience in flood-prone urban contexts.

4. Objectives

e |dentify both structural and non-structural solutions to reduce flood risk
while accommodating the complexities of unregulated urban expansion.

Maheedhar Sai K. /1200100936 / 2020-2025 1
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e Investigate the underlying causes of inundation in small urban waterways
across India, with a specific focus on the Budameru Rivulet as a
representative case study.

e Assess the impacts of flooding at both the community and infrastructural
levels within flood-prone urban areas.

e Formulate strategic design and planning interventions for flood mitigation
through architectural and urban morphological approaches.

e Examine approaches for managing informal urban development in flood-
susceptible regions, with attention to regulatory frameworks and
implementation mechanisms.

e Develop design protocols for flood-adaptive buildings tailored to the
conditions of riverside and vulnerable settlements.

e Explore integrated spatial and policy-based solutions that aim to reduce
flood vulnerability while acknowledging the socio-political realities of
informal urban growth.

5. Scope

This study focuses on the intricate issues surrounding urban flooding linked to
smaller water bodies, specifically examining the Budameru Rivulet in Vijayawada,
India. It evaluates the repercussions of inadequate urban planning and regulations
along riverbanks and floodplains, suggesting architectural and urban design
solutions aimed at minimizing flood risk.

The developed model is intended to serve as a template for similar urban
environments, providing actionable recommendations for sustainable development
and flood-resistant construction methods. Although the insights are based on the
Budameru Rivulet, they are designed to be relevant to other urban areas facing
comparable challenges.

6. Limitations

This study is limited to architectural and urban design interventions for flood
mitigation in urban rivulets and streams like Budameru, excluding comprehensive
hydrological analysis or broad policy reforms.

Although the findings aim for widespread applicability, the model's general nature
necessitates contextual adjustments to incorporate specific regional
characteristics, including geological, geographical, historical, social and political
variables.

Urban flooding presents multiple interconnected challenges, and this research
addresses a focused subset of contributing elements, particularly anthropogenic
factors such as unauthorised development and planning deficiencies.

These constraints underscore the multifaceted nature of flood management,
indicating the necessity for cross-disciplinary approaches and supplementary
location-specific research to enhance the findings.

Maheedhar Sai K. /1200100936 / 2020-2025 2
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Time constraints of four months limit the study. Disaster-related detailed reports of
the events in the recent past have not been released by the government.

7. Methodology

PROBLEM IDENTIFICATION

IDENTIFICATION OF AIM, OBJECTIVE, SCOPE AND LIMITATIONS

RESEARCH

| |
ez
|
Cm 1

UNDERSTANDING CAUSE
ABOUT THE RIVULET
AND IMPACT URBAN RIVER

RESTORATION

FLOOD RESILIENT
HOUSING

FLOOD MITIGATION

FLOOD MITIGATION
WATERSHED SCALE DESIGN AND ARCHITECTURAL

RESPONSES

URBAN FLOOD
MANAGEMENT

SPATIAL AND STRATEGIC

NEIGHBOURHOOD SCALE APPROACHES

BUILDING SCALE RIPARIAN BUFFER

INFERENCES

ANALYSIS OF ENCROACHMENT

FRAMEWORK FOR RIPARIAN RESILIENCE

SURFACE RUNOFF VISUALIZATION THROUGH VECTOR FIELD DENSITY

KUNDS AS A VERNACULAR FORM OF RUNOFF CONTROL

SCALABLE RIPARIAN BUFFER THROUGH GRASSHOPPER FOR FLOOD MITIGATION

CONCLUSION

Maheedhar Sai K. /1200100936 / 2020-2025 3



Resilient Waterfront Urbanism:
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1. Literature Study
1.1. About the Rivulet

The Budameru Rivulet flows through the northwestern section of Vijayawada,
originating from the hills near Mylavaram. This river flows into the city from the
north and later merges with the Budameru canal, which parallels the Eluru Canal.
The Budameru's water flow is mainly seasonal, and the canal systems are used to
divert excess floodwaters, according to the Vijayawada Municipal Corporation in
2015.

Fig 1. The flow of Budameru. (Source: Author)
1.2. About the Rivulet

The flooding of the Budameru River is primarily attributed to the release of surplus
water from the Velagaleru regulator reservoir (Vijayawada Municipal Corporation,
2015). Typically, the Budameru River remains largely dry throughout most of the
year. However, during the monsoon season, the reservoir in Velagaleru village fills
to retain water for the summer months. Issues arise towards the end of the
monsoon when the reservoir is nearly full, though not at maximum capacity,
coupled with heavy rainfall. A bund has been constructed near the Velagaleru
regulator to store water for the Vijayawada Thermal Power Station (VTPS)
(Vijayawada Municipal Corporation, 2015).

Maheedhar Sai K. /1200100936 / 2020-2025 4
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Fig 2. Plugging the breach of Budameru, a rivulet. Source: (Nagaraju, 2024)
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The Budameru catchment area, when
subjected to higher rainfall over a 24 to
48-hour period, prompts the Velagaleru
reservoir to attain critical capacity.

This scenario compels the Irrigation
Department to discharge water, leading
to widespread flooding in multiple areas
of Vijayawada.

Authorities face a narrow window to
issue warnings and evacuate residents,
as floodwaters can reach the city
outskirts within 3 to 4 hours due to the
approximately 25-kilometre distance
from the regulator (Vijayawada Municipal
Corporation, 2015).

Fig. 3. Flooding Timeline of Budameru.
Source: Author.
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Floods triggered by the Budameru River have been documented since the late
1800s. Notable occurrences in recent history include the years 1964, 1989, 1995,
1996, 1998, 2005, 2009, 2021, 2022, and 2024.

During the cyclone in September 2024, reports indicated that water levels at the
Velagaleru regulator reached 9.14 meters approximately 30,000 cusecs,
exceeding the critical threshold of 9 meters (Srikanth, 2024).

To address the situation, the regulator gates were opened to release water, leading
to extensive flooding in northern Vijayawada. The flooding lasted for approximately
nine days, causing significant challenges and suffering for the impacted residents
(Lanka, 2024).

80°350°E 80°40'0"E

Pre Flood

16°35'0°N
16°35'0°'N

Fig. 4. Satellite Imagery August 13, 2024 (Source: ISRO)

80°350°E 80°40'0"E

16°35'0°N
7 A
16°35'0°N

‘S 4y ad% ¥ & 3 * o
80°350°E 80°40'0"E

Fig. 5. Satellite Imagery August 13, 2024 (Source: ISRO)

The city frequently encounters flooding, primarily characterised by waterlogging,
attributed to runoff from the Budameru River (Vijayawada Municipal Corporation,
2015). A significant factor contributing to this flooding is the presence of
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unauthorised settlements along the riverbanks (Vijayawada Municipal Corporation,
2015). Low-lying areas adjacent to the river are particularly susceptible to
waterlogging during the retreating monsoon season, exacerbated by cyclonic
activity and depressions, especially when reservoirs are nearly at full capacity
(Vijayawada Municipal Corporation, 2015). Regulatory authorities are compelled to
release water to ensure the safety of structures and individuals downstream
(Vijayawada Municipal Corporation, 2015). The capacity of the Budameru canal
has reduced over time due to sediment buildup in drains, urbanization, and illegal
encroachments (Vijayawada Municipal Corporation, 2015). Significant flood-prone
low-lying areas include the communities situated along the river's path and the
large expanses of land on either side of the currently diminished river, particularly
in New Rajarajeswari Peta and Rajeev Nagar (Vijayawada Municipal Corporation,
2015).

The table depicts the previous flooding due to the Budameru’s overflow.

S.No | Date and Year Discharge Through (in cusecs) Total
Discharge
Budameru | Budameru Course | (cusecs)
Diversion | Below Regulator
Channel
1 9th September 1962 5900 2923 8823
2 22nd August 1963 6150 6168 12318
3 22nd September 11125 28470 39595
1964
4 19th May 1969 7500 18580 26080
5 21st August 1976 526 3196 3722
6 10th August 1971 2225 14784 17009
7 31st July 1978 6150 16302 22452
8 6th October 1983 4250 9600 13850
9 13th August 1986 6800 13200 20000

Maheedhar Sai K. /1200100936 / 2020-2025 7
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10 23rd July 1989 10625 24371 34996

11 11th May 1990 7800 24473 32273

12 23rd September 7500 18572 26072
1991

13 24th August 2000 7850 3699 11549

14 20th September 10945 14000 24945
2005

15 10th August 2008 9900 7100 17000

Table 1: Previous Flooding due to the Budameru’s Overflow (Source: City Disaster
Management Plan of Vijayawada, 2015.)

The above table only shows recorded information till the year 2008 as the data was
extracted from CDMP 2015 and the government hasn’t released official reports of
later flooding events.

The table below shows the occurrence of floods in the following years.

16 | October 2009 - - -

17 | 20th September 2021 - - -

18 | 31st August 2024 30000 - 17000

Table 2: Occurrence of Floods (Source: City Disaster Management Plan of
Vijayawada, 2015.)

Maheedhar Sai K. /1200100936 / 2020-2025 8
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2,

Understanding the Cause and Impact
1. Reasons for Flooding

The Budameru River has a major influence on the northern and
northwestern parts of Vijayawada, primarily because of its restricted channel
capacity and the insufficient drainage infrastructure to handle heavy rainfall
flowing into the Krishna River system.

An early warning system has been set up at Velagaleru village, where the
river’s final regulator is situated. However, the village’s close proximity to
Vijayawada city leaves residents with limited time to react to potential
flooding risks.

The Budameru catchment experiences above-average rainfall, often with
continuous downpours lasting 24 to 48 hours, leading to critical reservoir
levels in Velagaleru village.

Consequently, the Irrigation Department is compelled to release water from
the reservoir, which can result in flooding within Vijayawada City.

Indiscriminate human settlements and various activities exacerbate the risk
of inundation during the rainy season, including:

o Construction of non-compliant houses on embankments and bunds.
o Occupation of bunds, compromising their structural integrity.

o Silting of drainage systems due to solid waste accumulation.

o Proliferation of Water Hyacinth, obstructing water flow.

o Backwater effects caused by conjunctions in stormwater systems.

o Elevation of road levels within flood paths, disrupting natural
drainage.

o Cutting bunds for developmental projects such as bus shelters and
beautification efforts.

There is a notable lack of awareness among local residents regarding flood
risks, coupled with negligence towards ongoing issues related to flooding.

The blockage of stormwater drains and sluices exacerbates the flooding of
the Budameru River, causing significant harm to both lives and property.

Maheedhar Sai K. /1200100936 / 2020-2025 9
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Fig. 6. Zones 1, 2 and 3 as marked in the Imagery are highly affected by the flood.
(Source: ISRO)

Ward Affected Areas

No.

1 Sangam Road, Gandhiji Colony, Karmel Nagar, Joseph Nagar

27 Ambedkar Road

28 Housing Board Colony, Labour Colony, Ramanagar

29 Rotary Nagar, Ekalavyanagar, Urmila Subbarao Nagar, Ambedkar
Road

30 KL Rao Nagar

Maheedhar Sai K. /1200100936 / 2020-2025
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31 Bhupesh Gupta Nagar, Chittinagar

36 Deenadayal Nagar, Ambedkarnagar

49 Old RR Peta

51 Ayodhya NagarAyodhyanagar

52 New RR Peta, Arunodaya Nagar, Tammina Durga Rao Nagar,

Nandamuri Nagar

53 RK Puram, Vijayadurga Nagar, Devinagar

54 Ajith Singh Nagar

55 Indira Nayak Nagar, Kanakadurga Nagar, Andhra Patrika Colony

56 Vambay Colony

57 LBS Nagar, Patel Nagar

58 Old Rajeev Nagar, Vaddera Colony, VUDA Colony, New Rajeev
Nagar

59 Radha Nagar, Prajasakthi Nagar, Kandrika Netaji Subash Chandra
Nagar

Table 3: Flood affected areas (Source: City Disaster Management Plan of
Vijayawada, 2015.)

Flood hazard maps have been created for the city, providing detailed statistics on
flood risks at the ward level. These maps illustrate flood hazards associated with
both 2-year and 100-year return periods, and they have been overlaid with the
boundaries of each ward. The analysis of these flood hazards reveals the average
areas prone to flooding and inundation across different wards within the city.

Wards 1, 10, 41, and 42 are identified as some of the areas most vulnerable to
flooding within the city, as shown in the map below.

Maheedhar Sai K. /1200100936 / 2020-2025 11
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Fig 7. Vulnerability Mapping. Source: City Disaster Management Plan

Vijayawada, 2015.
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Historically, the Budameru River has posed a significant vulnerability in the
Vijayawada. Below is a comparative summary highlighting the associated hazards,
the impacted population, and the affected areas.

City Vulnerability /| Affected Area No. of | Wards/Areas

Hazards Population | Affected | Divisions | Impacted in
(Sq. Km) Division

Budameru Floods >2.5 lakh 25.9 18 38

Krishna Floods >1.2 lakh 11 8 8

Hill Slides >1.5 lakh 8.5 10 15

Climate Extremity | >6-7 lakh The entire city urban & peri-urban is

(Temperature & vulnerable

Cyclone/Heavy

Rains)

Maheedhar Sai K. /1200100936 / 2020-2025
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Health Hazards | >2.4 lakh 111 slum pockets and low-lying pockets of
(Malaria, Dengue, one town
Chicken Guinea,

Hepatitis, etc.)

Table 4: Flood Hazards, Impacted Population, and its Affected Areas (Source: City
Disaster Management Plan of Vijayawada, 2015.)

Vulnerability Matrix of River induced floods in Vijayawada

Hazard Jan Feb | Mar

Budameru
Floods

Krishna
Floods

Table 5: Vulnerability Matrix of River induced floods in Vijayawada (Source: City
Disaster Management Plan of Vijayawada, 2015.)

2. Urban Expansion and Encroachments

The NCPE (2013) report indicates that among 111 identified slums, 58 are situated
on state government land, 22 on private land, 27 on local body land, and 4 on
railway land. The classification of these slums reveals that 81 are located in
residential zones, 22 in commercial areas, and 8 in institutional settings. Notably,
20 slums are positioned within flood-prone regions, specifically along the flood
plains of the Krishna River and Budameru River/drain (Vijayawada Municipal
Corporation, 2015).

In Vijayawada City, the emergence of settlements in high-risk areas occurs with
little regard for existing development control regulations or building bye laws as
outlined in the planning scheme (Vijayawada Municipal Corporation, 2015). The
inadequacy of an efficient transportation network compels residents to choose
locations near their workplaces, despite their awareness of the flood risks
associated with these areas. Alarmingly, both the city planning department and
municipality have designated risk-prone zones for public housing initiatives, such
as police housing along the Krishna River and low-cost housing adjacent to the
Budameru flood zone (Vijayawada Municipal Corporation, 2015). While the
rationale behind such planning remains unclear, this municipal development in
vulnerable areas fosters a misleading sense of security among residents,
inadvertently promoting further encroachments and developments around these
locales (Vijayawada Municipal Corporation, 2015).
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3. Flood Adaptation and Mitigation Measures

Fig. 8,9: Sanctioned by the municipality within flood-prone areas. On the left, is the
picture of a new construction situated on the Budameru floodplain. (Source:
Vijayawada Municipal Corporation, 2015)
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Fig. 10. Working of Watershed Scale Interventions. (Source: Author)
I.Green Roof

Green roofs are effective systems for managing stormwater, capable of retaining a
considerable portion of precipitation and thereby mitigating surface runoff and peak
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discharge rates. Research indicates that retention rates can vary significantly,
ranging from 22% to 75%, depending on factors such as the type and depth of the
substrate used in the green roof (Basu et al., 2021; Liu et al., 2020). The
implementation of green roofs plays a crucial role in alleviating the burden on urban
drainage systems, which can help prevent localised flooding during intense rainfall
events (Versini et al., 2015).

The extensive adoption of green roofs across urban landscapes has the potential
to substantially lower both surface and peak runoff rates, contributing to flood
mitigation efforts at various scales, including both building and basin levels (Liu et
al., 2020; Versini et al., 2015). Simulation studies have demonstrated that if a
significant portion of urban areas were outfitted with green roofs, it could effectively
avert flooding during moderate to severe rainfall (Versini et al., 2015).

II. Flood Garden

Rain gardens serve a crucial role in managing stormwater by effectively decreasing
both the volume and flow of runoff, which helps mitigate urban flooding and
safeguard infrastructure. They accomplish this through enhanced infiltration and
evapotranspiration processes, which significantly lower surface runoff (Sharma &
Malaviya, 2021; Li et al., 2018).

The implementation of rain gardens can lead to marked decreases in overflow
points and runoff, as well as a reduction in the concentration of suspended solids
and chemical pollutants within urban settings. For instance, studies indicate that
reductions in overflow rates can vary widely, ranging from 6.74% to 65.23%,
contingent upon the density of rain gardens installed and prevailing rainfall
conditions (Li et al., 2018).

lll. Canal Paths

Urban flooding could also be reduced by the joining of retention areas with
detention roads such that drainage can be escaped from temporally to the
detention while performing its functions in a dry period (Lee & Huang, 2018).

Roads can serve as important infrastructure for flood management, with the caveat
that without proper design and maintenance, they may also contribute to flooding.
Hence roads that are poorly constructed can prevent natural water drainage
causing increased flooding risks in the neighbouring areas (Zhang & Alipour, 2019).

IV. Blue-Green Infrastructure

Blue-green infrastructure has been successful at reducing localized surface
flooding, as well as peak flows, and is thus an effective control measure for urban
floods (Haghighatafshar et al., 2018). Flood risk management can be optimally
designed through the combination of greening, blueing, and greying as their
combined strengths can assist risky areas (Alves et al., 2019).
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The blue-green measures that have been applied upstream in a catchment area
have resulted in a decrease in runoff and a breathing space in discharge beneficial
to downstream locations as well as the entire drainage network (Haghighatafshar
et al., 2018).

2. Measures on the Neighbourhood Scale
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Fig. 11. Working of Neighbourhood Scale Interventions. (Source: Author)
|.Bioswales

Bioswales promote infiltration significantly and decrease surface run-off. Research
has demonstrated that bioswales are able to handle storms, such as in the case of
a particular experiment, where the exfiltration exceeded an 86.1 mm storm event
(Purvis et al., 2019). So in order for bioswales to be effective in reducing runoff, the
area that bioswales cover needs to be at least 4% of the entire catchment area (Lu
et al., 2024).

While bioswales perform well in minor to moderate events, their efficiencies are
greatly compromised during intense storms (Chen et al., 2023). The performance
of bioswales in hydrological terms is determined by the design as well as soil media

Maheedhar Sai K. /1200100936 / 2020-2025 16



Resilient Waterfront Urbanism:
Redesigning an Urban Block for Flood Adaptive living and Crisis Interdependence

of the bioswales with engineered media adding to the efficiency of infiltration rates
(Purvis et al., 2019).

II. Retention Basin

Retention basins can tremendously reduce peak flow rates during storm events,
which will result in the mitigation of urban flooding as well as combined sewer
overflow (Travis & Mays, 2008). Retention basins Integration of retention basins
will significantly reduce the costs of flood control, especially if they are networked
and optimally located and sized (Travis & Mays, 2008). Such basins can store
runoff water for later municipal, industrial, and agricultural value that extends
beyond flood control (Kemper & Bongert, 2012).

lll. Detention Basin

Detention basins help in reducing peak discharges of floodwaters through
temporary storage and slow release, thereby serving an important function in
urbanised flood-prone areas (Wang et al., 2021; Bellu et al., 2016). Such handling
concerns balancing flood losses in the basin and the related benefits to the
protected downstream areas (Wang et al., 2021; Bellu et al., 2016).

Detention basins can reduce the flooding risk downstream mainly by controlling the
discharge volume and rates during storm events (Vorogushyn et al., 2012);
however, in some cases, flooding might breach such boundaries, and whose
downstream areas may put further stress on careful planning and systemic
analysis (Vorogushyn et al., 2012).

IV. Constructed Wetland

The constructed wetlands are like cushions, storing floodwater and maintaining a
23% reduction in flooding in city-type catchments (Kumar et al., 2021). Wetlands
in a large river basin reduce flow peaks by 24%, mean flows by 12%, and the total
volume of runoff by 17% (Wu et al., 2020). Carefully placed wetlands in the river
basin can greatly mitigate the flood-induced interception and holding of much
precipitation. They regulate flow regimes when the changes are brought about by
reduced frequency and magnitude of flooding and, in turn, increase the return
period of floods (Kadykalo & Findlay, 2016).

V. Filtering Garden

Water management in the filtering gardens happens by the planting layer, transition
layer, and gravel layer (Hao, 2019). Rainwater circulation devices can be integrated
into the garden to manage additional water flow from the garden, which prevents
flooding due to heavy rains (Hao, 2019).

The presence of plants suitable for sandy soils can make the garden more
functional in terms of stormwater and still maintain its aesthetic appeal (Funai &
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Kupec, 2017). Healthy communities of plants further improve filtration and uptake
of nutrients making the garden much more effective (Riley et al., 2018).

3. Measures on Building Scale

Prominski et al. (2017) emphasize that sustainable riverine environment design
should prioritize practices that enhance natural water storage, infiltration, and
retention capacities to mitigate flooding, acknowledging that these solutions
require sufficient space. Rivers are dynamic systems undergoing continuous
change, making each unique (Prominski et al., 2017). Consequently, riverine
landscape design must adopt adaptable strategies that accommodate
transformation and allow for diversity in flows, sediments, flora, fauna, and
functions, fostering resilience. However, in densely urbanized areas, space
limitations often hinder the creation of healthy riverine landscapes, making the full
restoration of rivers to their natural states impractical and undesirable. Instead,
urban development should align with riverine revitalization.

Prominski et al. (2017) advocate for preserving and creating retention areas along
waterways and integrating water retention strategies within urban settings to ease
the pressure on river systems and provide flexibility to manage extreme rainfall.
The authors propose a systematic framework for designing urban riparian
landscapes, balancing ecological needs, flood protection, and amenity value by
understanding river dynamics. They use visual tools to illustrate the interaction
between water processes and spatial-temporal design strategies.

Key recommendations from Prominski et al. (2017) for designing urban river
spaces include:

« Emphasising multifunctionality tailored to specific demands and contexts;

o Adopting interdisciplinary approaches to foster collaboration among project
stakeholders; and

e Studying and respecting the inherent principles and dynamics of water
systems.
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Fig 12: Building types that adapt to floods. (Source: Image adapted from Januchta-
Szostak and Karaskiewicz, 2020)

Januchta-Szostak and Karaskiewicz (2020) expand on these typologies by
identifying five flood-adaptive building types:

(1) Buildings on artificial hills or embankments

(2a) Buildings with individual flood-barriers

(2b) Real estate surrounded by individual flood-barriers

(3a) Water-penetrable buildings with a penetrable ground floor
b)

(3

(4) Amphibious buildings that float during floods, placed either in foundation
docks(4a) or on flat ground (4b)

Water-penetrable buildings with open ground floors supported by stilts

(5a) Floating buildings anchored at quays or ports, and (5b) residential barges.
Amphibious Architecture

« Amphibious architecture stands out among these as an appealing
alternative to costly flood-control infrastructure (Januchta-Szostak and
Karaskiewicz, 2020). With climate change and urban population growth
increasing flood risks, amphibious architecture offers a viable adaptation
strategy for uncertain futures (Penning-Rowsell, 2020). Elizabeth English
emphasizes its potential to transform flood risk into an opportunity by
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incorporating resilient designs that enhance communities' adaptive
capacities (Watson and Adams, 2011).

Nillesen and Singelenberg (2011) classify water-dwelling typologies in the
Netherlands into categories such as floating dwellings, amphibious houses,
pile dwellings, terp dwellings, dike houses, and waterside living. These
classifications, along with similar ones provided by Barker and Coutts
(2016), are often applicable to the Global North.

Fig 13: An Amphibious Architecture System illustrated. (Source: English et al.,

2016.)

Performance during flood events:

In contrast to homes raised to a fixed height, amphibious houses are
designed to adjust to fluctuating flood levels. A structure with permanent
static elevation (PSE) will suffer damage if the floodwater surpasses its
elevated height, whereas amphibious homes can adapt by rising with the
water. Vertical guidance posts (VGPs) can be extended if anticipated flood
depths increase (English et al., 2016).
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Social benefits:

e Amphibious systems are less intrusive to residents' daily routines than static
elevation structures. Buildings with permanent static elevation force
residents to be raised above street level, often necessitating long stairways
or the costly installation of elevators. In contrast, amphibious buildings are
only modestly elevated to accommodate buoyancy features, offering

enhanced accessibility (English et al., 2016).
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Fig 14: Components of an Amphibious Housing System. (Source: English et al.,
2016)

« Amphibious construction provides economic advantages over traditional
building methods. While an amphibious system incurs higher initial costs in
new construction due to the need for a more complex foundation, retrofitting
existing buildings with an amphibious system is much more cost-effective
than implementing permanent static elevation. This is because PSE
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requires a complete foundation replacement, whereas amphibious
retrofitting preserves the original foundation, enhancing its gravity load-
bearing function with additional systems for vertical guidance to counter
lateral forces and buoyancy to provide lift((English et al., 2016).

o Barker and Coutts (2016) outline five types of flood-resistant architectural
designs:

o Elevated structures that evade flood,

o Wet-proof structures being flood resistant,

o Dry-proof structures (flood resilience),

o Structures that are constantly afloat,

o Amphibious homes that are capable of floating if necessary.

e Amphibious architecture serves as a hybrid between traditional land-based
homes providing ground-floor accessibility and floating structures, offering
the adaptability to cope with floods while retaining ground-level accessibility
and safety (Barker & Coutts, 2016).

4. Spatial and Strategic Approaches

« The implementation of flood risk management strategies is primarily
focused on safeguarding residential infrastructure within the urban
landscape.

o Due to distinct flooding patterns and their respective impacts, Krishna River
and Budameru drain necessitate different management approaches.

e Along the Krishna River banks, rigorous land use regulations must be
established to prevent residential encroachment into the riverbed.

« This implementation should follow a staged process, beginning with
immediate restrictions on new construction within the riverbed, followed by
the gradual relocation of existing settlements through urban housing
initiatives.

« Structural interventions aimed at flood mitigation along the Krishna River

must consider the entire watershed context, as localized solutions may
prove inadequate and potentially create adverse effects downstream.

e The Budameru drainage channel faces significant challenges with
numerous encroachments, leaving these communities particularly
vulnerable to flood events.

e Enforcing land use restrictions considering flood risk zones should be on
priority.
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1. Riparian Buffers (Wenger, 1999)

Flooding plays an essential role in shaping aquatic and riparian ecosystems. The
frequency, intensity, and duration of floods influence the physical and biological
characteristics of riparian zones (Junk et al., 1989). Many riparian plants depend
on flooding cycles for processes like seed dispersal and recruitment, while
numerous fish species utilize riparian zones as nurseries, spawning sites, or
feeding areas during periods of high water flow. For a stream system and its
riparian zone to remain healthy, preserving the natural flow regime is critical (Poff
et al., 1997).

However, while flooding benefits natural ecosystems, it can be highly destructive
to human infrastructure and activities. The removal of riparian vegetation, draining
of wetlands, and development on floodplains often results in larger and more
destructive floods, causing significant property damage (Poff et al., 1997; Federal
Interagency Floodplain Management Task Force, 1996).

Studies by Michener et al. (1998) revealed that natural riparian zones helped
mitigate flooding in South Georgia during events in 1994 and 1997. Wetlands within
riparian areas are particularly valuable for storing floodwaters. On the other hand,
human interventions such as channelization, often implemented as a flood control
measure, can worsen flooding downstream (Roseboom and Russell, 1985; Poff et
al., 1997).

The Federal Interagency Floodplain Management Task Force now advocates
against structural flood controls, instead emphasizing the preservation of
floodplains in their natural state (Federal Interagency Floodplain Management Task
Force, 1996). Impervious surfaces significantly increase stormwater runoff into
streams (Wenger, 1999). To maximize flood protection and floodwater storage
capacity, buffers should ideally encompass the entire floodplain. If this is not
feasible, the buffer should be as wide as possible and include any adjacent
wetlands. Beyond flood mitigation, riparian buffers offer additional benefits, such
as recreational opportunities and aesthetic value.

o Extent:
Buffers should be implemented along all types of streams—perennial,
intermittent, and ephemeral whenever feasible (Wenger, 1999). The
success of a buffer is directly linked to the length of stream it covers. A
pragmatic strategy involves protecting all perennial streams and intermittent
streams of second order or higher.

o Vegetation:
Riparian buffers should consist primarily of native forest vegetation along
the immediate streambanks to maintain aquatic habitats. Further from the
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stream, at a distance of at least 25-50 feet, selective tree harvesting can be
allowed. Additionally, an outer strip of mowed grass can help trap nutrients
and reduce the energy of surface runoff (Wenger, 1999).

Width:

The necessary width of riparian buffers varies depending on their intended
functions. While some purposes require minimal width, others, such as
sediment removal, demand significantly wider buffers under specific
conditions (Wenger, 1999). Existing regulations often mandate fixed-width
buffers, ignoring variations in topography and other influencing factors.
However, it is clear that buffer effectiveness depends on multiple variables.
The challenge is identifying the most critical factors and integrating them
into a flexible, variable-width framework. To address this, several existing
models and formulas for determining buffer width and evaluating buffer
functions have been reviewed.

Factors Influencing Buffer Width

I—é% Physical Characteristics

Rainfall : Slope of Banks

Soil Infiltration Rate g && 1 Floodplain Width
Soil Moisture Content &\"‘ Catchment Size
Influence
Buffer Width
Impervious Surfaces J t Surface Cover Characteristics

Vegetation Type

Fig 15: Factors Influencing Buffer width. (Source: Author)

The previous sections highlight several factors that impact the effectiveness of
buffers, including:

The slope of stream banks and the areas contributing flow to the segment
Rainfall patterns

Soil infiltration rate (saturated hydraulic conductivity) and other soil
characteristics such as redox potential, pH, and temperature

Soil moisture levels
Floodplain width
Catchment area size

Land use patterns
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e Presence of impervious surfaces
o \egetation, including litter and surface cover features
2. Buffer Guidelines

Excluding considerations for terrestrial habitats, most guidelines recommend
minimum buffer widths between 15 meters (~50 feet) and 30 meters (~100 feet).
Determining the optimal width within this range may require further research
specific to the region. In the absence of such research, the selection of a minimum
width reflects a decision about the margin of safety versus the level of acceptable
risk. Wider buffers offer a greater margin of safety for water quality and habitat
protection. Based on this, the options suggested are:

1. Variable-width Buffer with a 100-ft Base Width:

This option offers the highest level of protection for stream corridors, including
effective sediment and contaminant control, maintenance of high-quality aquatic
habitats, flood protection and minimal support for terrestrial wildlife habitats.

« Base width: 100 ft (30.5 m), with an additional 2 ft (0.61 m) for each 1% of
slope.

« Extend the buffer to the floodplain's edge.

e Include adjacent wetlands: The buffer is extended by the wetland width,
ensuring both the wetland and an additional buffer are protected.

e Impervious surfaces within the riparian zone do not contribute to the buffer
width; the buffer is extended by the width of the impervious surface, similar
to wetlands.

e Slopes greater than 25% are excluded from the buffer width calculation.

e The buffer applies to all perennial and intermittent streams, which can be
defined using USDA soil survey maps, USGS topographic maps, or other
methods that accurately reflect true conditions.

2. Option Two:

While generally effective under most conditions, this option provides slightly less
protection. It is more susceptible to being overwhelmed during severe storms,
floods, or in cases of inadequate contaminant management.

« Base width: 50 ft (15.2 m), plus an additional 2 ft (0.61 m) for each 1% of
slope.

e The entire floodplain is not automatically included in the buffer, though areas
with potential severe contamination are excluded from the floodplain.
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e The buffer applies to all perennial and intermittent streams, which can be
defined using USDA soil survey maps, USGS topographic maps, or other
methods that accurately represent true conditions.

Fig 16: Buffer Option 2. (Source: Author)

Figure 9. Applying a Flexible Width Buffer.

This diagram illustrates how Buffer Option 2 is applied to a hypothetical landscape. The average
slope of the stream valley here is 12%, which means the buffer should be 50+24= 74 ft wide. The
width of the wetland and the steep slope are added to the total width, so the buffer actually covers
some 109 ft. If an impervious surface were present, its width would also be added to the total.

10% slope

30% slope
-___'——_
Wetland 10% slope
Channel

}l |W\ | | | |

I I I | I I
25ft 25| ft 40 ft 1D|ft 9ft
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3. Option Three:

This option is recommended for local governments unable to manage the
complexities of variable-width buffers, providing a straightforward approach to
riparian buffer implementation.

e« The buffer has a fixed width of 100 ft.

o It applies to all perennial and intermittent streams, which can be defined
using USDA soil survey maps, USGS topographic maps, or other methods
that accurately reflect true conditions.
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5. Design and Architectural Responses
1. Building above the water level
e« Mounds

o The concept of mounds is an ancient approach to flood protection,
with examples dating back to the 3rd century CE. These settlement
mounds are constructed from earth, typically comprising a sand core
covered with clayey soil and planted with grass, similar to dikes
(Prominski et al., 2017).

o An example of this principle in a contemporary context is evident in
Hamburg's HafenCity, a new urban district established on former port
lands beyond the flood protection zone. In this development, mounds
enclosed by walls were constructed along the quays, seamlessly
incorporating the buildings into the design (as discussed by
Prominski et al., 2017).

o Structures on the edges of these mounds feature a base level with
underground parking entrances, shops, and cafés, all protected by
flood-proof seals per HafenCity flood protection regulations. The
mound-level road system is supplemented by new bridges and
footpaths that provide escape routes to the city centre behind the
flood protection wall (Prominski et al., 2017).

e Building on Piles

o Constructing buildings on piles is a widely used method for
safeguarding structures located near water. By elevating the
buildings, floodwaters can pass underneath, reducing obstruction to
water flow. A notable example is found in Dordrecht, Netherlands,
where homes situated within the floodplain ahead of the dike line are
built on piles. Additionally, roads, paths, and terraces are designed at
the height of the dike top, maintaining accessibility during floods
(Prominski et al., 2017).

« Escape Routes

o To ensure safe evacuation during high water levels, flood-risk
housing developments include access systems or additional escape
routes elevated above the high water mark. In Hamburg’s HafenCity,
this is achieved through high-level bridges and boardwalks, enabling
year-round safe connections to the mainland while offering attractive
pedestrian routes. These designs allow for living in flood-prone areas
while maintaining accessibility and safety (Prominski et al., 2017).
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2. Built spaces for the floodplain

wildlife

public amenity along
river edge

distant views

key buildings such as
theatre or sports

activities: boating,
nature, fishing

lots of public access

Fig 17: Ideal Buffer Constructions. (Source: Barker and Coutts (2016))
o Paths Within the Floodplain

o Floodplain development would be new roads and pathway networks
that have demarcated areas of accessibility, infrequent use, or
frequent use. It can be narrow trails or wide paved approaches in a
pathway network. Lows, and dike lines going through floodplains,
which take care of minor summer-high water events, are possibly
excellent for pathway foundation due to their linear layout and
elevated position (Prominski et al., 2017).

« Sports Facilities and Playgrounds

o Sports and deliberate plays could enhance the recreational value of
floodplains. Sports facilities in this case can be as simple as
meadows for informal games to grand sports complexes.
Playgrounds near the water, even if not directly making contact with
the water, can have a more enhanced relationship to the venue and
enrich the experience of users (Prominski et al., 2017).
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e Flood Tolerant Buildings

o

Flood-tolerant buildings in character are designed to survive flooding
with as little impact as such damage. The water-proofing takes the
form of tiled floors, water-resistant walls, and protected electrical
installations. For instance, certain areas in Kampen, located on River
IJssel in the Netherlands, have excluded themselves from flood
protection via such measures so as not to require costly protective
measures (Prominski et al., 2017).

o Parks Within the Floodplain

o

Periodic submergence to which the parks are adapted is made
possible with elements such as flood-tolerant plants, e.g., swamp
cypress, and resilient structures like benches of heavy stone. These
aspects provide a unique character to the parks, while drainage
systems will enable the sites to be made usable soon after a flood
(Prominski et al., 2017).

o Large areas of natural land:

@)

River floodplains are great places to create natural floodplain areas
from former agricultural lands. However, allowing natural succession
and the more uncommon return of wooded banks along rivers is often
impractical because the thick woods interfere with the drainage of
floodwaters (Prominski et al., 2017).

e Agriculture:

o

Today riverside plains are used for extensive grazing or even
cultivation depending on the frequency of flooding, as this view from
the dike across the polder near Ingelheim on the River Rhine clearly
demonstrates. Financial incentives resulted in the farms flooding
again.

The farm buildings were highly mounded. In areas close to towns or
cities, these usages can increase local recreation space and alleviate
some of the maintenance headaches for the municipality (Prominski
et al., 2017).

Maheedhar Sai K. /1200100936 / 2020-2025 29



Resilient Waterfront Urbanism:
Redesigning an Urban Block for Flood Adaptive living and Crisis Interdependence

3. Case Studies
1. The Don River Valley, Toronto (Crombie, 1992)
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Fig 18: The Don River Valley. (Source: Crombie, 1992)

The Don River Valley in Toronto serves as an exemplary case of urban river
restoration, demonstrating a commitment to nature-based strategies and aligning
with the principles of Green Infrastructure and urban river space design.
Historically, the valley was a thriving ecosystem, abundant with fresh water and
vegetation. However, over the past century, urbanisation led to significant
environmental degradation. Pollution, deforestation, impermeable surfaces, river
channelisation, and extensive engineering projects for transportation and energy
infrastructure disrupted the ecosystem. Activities such as mining, land exploitation,
and the destruction of marshlands further exacerbated the ecological damage and
severed the connection between the river and the city (Hough, 1995; Crombie,
1992).

In response, a group of concerned citizens formed the Task Force to Bring Back
the Don in 1991. Their primary goal was to develop a comprehensive plan to
restore the river and its surroundings. The initiative adopted a long-term,
ecosystem-based approach, incorporating nature-inspired strategies tailored to the
specific conditions of different parts of the watershed. The overarching objective
was to transform the degraded river into a clean, green, accessible, diverse, and
attractive space that could be used and enjoyed by people (Crombie, 1992).

The project also integrated principles of Aquatecture, a framework for urban
watershed management. The regeneration strategy focused on:

e Preserving natural and cultural elements.

e Leveraging the landscape to guide urban development.
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e Promoting environmentally sustainable urban growth.
e Encouraging diverse and intensive development.

e Protecting rural traditions.

o Collaborating with natural systems.

« Raising awareness about watersheds.

Crombie (1992) emphasised the adaptive reuse of abandoned industrial buildings
and lands, proposing their transformation into community-serving spaces such as
vegetable gardens, wetlands, retention ponds, or areas for mixed-use
development connected to watersheds. Inspired by Michael Hough (1995), the
strategies also included replacing impermeable surfaces with green spaces,
constructing retention and detention ponds, establishing wetlands, and initiating
large-scale afforestation in degraded watersheds.

Specific interventions included the creation of a marsh delta at the portlands to
improve ecological functionality and the addition of recreational features such as
cycling lanes. These measures transformed the Don River Valley into a vibrant,
multifunctional area that balances ecological restoration with community
engagement.

2. Ecological Park Tiete in Sao Paulo, Brazil

Fig 19: Ecological Park Tiete. (Source: Storto et. al., 2021)

The Tieté River Valley project in Sdo Paulo, Brazil, aims to create the world’s
largest linear park, featuring leisure centres, bike paths, and green spaces to
facilitate river flooding and stormwater absorption while preventing informal
settlements along the riverbanks (Millington, 2018).
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e However, according to Millington (2018), this initiative has resulted in the
large-scale displacement of low-income residents, framed by the
government as a necessity for environmental conservation and urban
development.

e The authorities argue that informal settlements contribute to problems such
as erosion, disrupted flood dynamics, disease outbreaks, and flood-related
damages.

e To address these concerns, displaced residents are provided with financial
subsidies and promises of public housing.

e Nonetheless, Millington (2018) criticizes the process for its lack of
transparency and slow implementation, which often leads to residents
relying on temporary subsidies indefinitely.

¢ In many instances, the promised housing is never completed, forcing some
families to return to unsafe, flood-prone areas under worse conditions.

e Others are relocated to remote areas far from their original communities,
severing social and economic connections, increasing travel times, and
exacerbating marginalization.

e Additionally, the prolonged relocation process creates logistical difficulties,
such as the storage of belongings.

e In the Tieté region, the use of rental subsidies instead of fully developed
housing has also led to rising local rents and property speculation, further
burdening displaced families.

e Millington (2018) underscores the need for new approaches to managing
peripheral landscapes, emphasizing the importance of acknowledging the
region’s history of self-built housing and community-driven infrastructure
development.
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3. Port Maria and Bliss Pastures, Jamaica (Case)
Fig 20: Case photographed (Source: Source: English et al. (2016))
. &> : M - P

English et al. (2016) conducted field research in Jamaica to assess communities
vulnerable to inland flooding, aiming to design buoyant foundation retrofits for
homes in flood-prone areas. Two communities were selected for the study: Port
Maria in Saint Mary Parish and Bliss Pastures in Trelawny Parish, both meeting
the necessary criteria for the project.

Port Maria, situated along the Outram River, has many homes located near the
riverbank, making them particularly susceptible to flooding. For each community, a
buoyant foundation retrofit design was developed for a representative house.
These retrofits aim to provide an affordable, replicable solution to enhance
community resilience in the face of flooding, particularly for residents living in
poverty who would otherwise face severe disruption from such events (English et
al., 2016).

The design prioritizes the use of locally available, cost-effective materials and
construction techniques. The retrofit includes buoyancy blocks made from
expanded polystyrene placed beneath the existing floor structure, supported by a
plywood structural substrate that strengthens the current structure and holds the
buoyancy blocks in place. Furthermore, a vertical guidance system, constructed
from low-cost timber telephone poles, prevents lateral movement of the house as
it floats, rises, and descends during flood events (English et al., 2016).
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4,

Guwahati Urban Flood Case Study Analysis

Guwahati, located in the Brahmaputra River valley, experiences frequent flash
floods caused by a combination of natural and human-induced factors. This
analysis, based on various studies, explores the causes, effects, and proposed
solutions for managing this critical urban issue.

1.

Causes of Flash Floods

Rapid and Unplanned Urbanization: The city's population has grown rapidly
in recent decades, leading to haphazard development, including
encroachments on hillsides and wetlands. These developments obstruct
natural drainage systems, worsening the flooding problem.

Degradation of Natural Drainage Systems: Encroachments and improper
waste disposal have severely impacted Guwahati's drainage systems,
including the Bharalu River and local beels (wetlands). Sedimentation and
blockages reduce the capacity of these water channels, causing them to
overflow during heavy rains.

Inadequate Infrastructure: The city's drainage infrastructure is inadequate
to handle the volume of stormwater during intense monsoon rainfall, which
amplifies the flooding.

Deforestation and Hill Cutting: Large-scale deforestation and hill cutting
have increased soil erosion, resulting in sediment build-up in rivers and
beels, which diminishes the effectiveness of these natural drainage
systems.

Climate Change: While specific data on rainfall changes is lacking, there is
a general perception that extreme rainfall events have become more
frequent and intense, contributing to the severity of floods.

Impacts of Flash Floods

Damage to Infrastructure: Flooding causes extensive damage to roads,
buildings, and other infrastructure, hindering the city's growth and
development.

Floods disrupt essential services like water supply, electricity, and
healthcare, intensifying the vulnerability of the affected population.

Economic Losses: Flash floods result in significant economic losses from
business interruptions, property damage, and agricultural destruction,
affecting livelihoods and overall economic development.

Health Risks: Stagnant floodwaters increase the risk of waterborne
diseases, compounding the suffering of affected populations.
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3.

Environmental Degradation: Flooding worsens environmental damage,
including water pollution and biodiversity loss.

Mitigation Measures

Short-Term Measures:

Desilting Drains and Clearing: Immediate works such as desilting and
removal of debris from drains and beels should be made just before and
during the monsoon season to improve water flow.

Pump Deployment: Using a high capacity and a very mobile pumping
system is crucial for flood water extraction, as it so defines immediate impact
management or mitigation.

Early Warning Systems: Build an early warning mechanism to warn
communities without notice of floods.

Waste Management Enforcement: Enforcement of waste disposal
regulations strengthens the possibility of prevention from impediments in the
drains and reduces the chances of flooding.

Long-Term Measures:

Following a well-designed plan for conserving and restoring beels makes
them retain water and control floods.

Stop Hill Cutting and Encroachment: Enforcement of such laws with
afforestation efforts can minimize soil erosion and sedimentation and
preserve all-natural drainage systems.

Improve Drainage Infrastructure: The installation of an efficient
stormwater drainage system capable of carrying peak runoff is the most
important factor toward a long-term solution to flooding.

Sustainable Urban Planning: Sustainable urban planning such as
dispersive urbanization planning, limiting accessibility by development
within flood-prone areas, and incorporation of green infrastructure may
reduce the city's flood risks.

Community Engagement and Awareness: Education and capacity-
building programs would be critical for sustained resilience to create
awareness and encourage community involvement in flood risk reduction
activities.
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4. Analysis

1. Case Study Analysis

The following analysis explores the approaches, challenges, and outcomes of
urban river restoration and flood management initiatives based on the provided
case studies. Inferences from each of these case studies are

1. The Don River Valley, Toronto

Aspect Analysis
Severe pollution, deforestation, and impermeable surfaces
disrupted the natural ecosystem.
Challenges
Historical channelisation and engineering projects disconnected
the river from the city.
Adopted Green Infrastructure principles (e.g., wetlands,
afforestation).
. Integrated Aquatecture: urban watershed management and
Strategies . . :
multifunctional space creation.
Reused abandoned industrial spaces (vegetable gardens,
wetlands, mixed-use zones).
Restored ecological health (e.g., creation of marsh delta at
portlands).
Outcomes
Enhanced urban engagement with nature via cycling paths and
green spaces.
Collaboration with natural systems yields multifunctional spaces.
Inferences

Urban development can coexist with ecological preservation if
planned comprehensively.

Table 6: The Don River Valley Case Study Analysis (Source: Author)
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2. Ecological Park Tieté, Sao Paulo

Aspect

Analysis

Informal settlements along the riverbanks led to flooding, erosion,
and disease.

Challenges
Large-scale displacement of low-income communities caused
social and economic disruptions.
Developed the world’s largest linear park to enable flood mitigation
and recreation.
Strategies
Provided financial subsidies and public housing promises to
displaced residents.
Insufficient transparency and delayed housing provision resulted in
o marginalization.
Criticism
Rising local rents burdened relocated families.
Improved ecological functions (e.g., stormwater absorption).
Outcomes , , , . .
Undermined social equity through poor implementation of
resettlement processes.
Conservation must balance ecological goals with socio-economic
justice.
Inferences

Transparent, inclusive planning processes are essential for
equitable urban regeneration.

Table 7: Ecological Park Tieté Case Study Analysis (Source: Author)
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3. Port Maria and Bliss Pastures, Jamaica

Aspect

Analysis

Homes in flood-prone areas experienced severe disruption during
floods.

Challenges
High poverty rates limited residents’ ability to afford resilient
infrastructure.
Designed buoyant foundation retrofits using locally available
materials (e.g., polystyrene blocks).

Strategies
Included vertical guidance systems for flood-resilient housing
designs.
Enhanced resilience of communities to flooding.

Outcomes , ]
Provided an affordable, replicable framework for other flood-prone
regions.
Community-driven, low-cost innovations can significantly enhance
disaster resilience.

Inferences

Collaboration with local knowledge and resources improves
implementation feasibility.

Table 8: Port Maria and Bliss Pastures Case Study Analysis (Source: Author)
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4. Guwahati Urban Flood Case Study

Aspect Analysis
Rapid urbanization led to encroachment on natural drainage
systems and wetlands.

Challenges
Inadequate infrastructure and deforestation worsened flood
intensity and frequency.

Short-Term Desilting drains, deploying pumps, enforcing waste

Solutions management, and early warning systems.

Long-Term .

. Restored wetlands and beels to retain water.

Solutions
Improved drainage systems and sustainable urban planning.
Community engagement and awareness programs for flood

Outcomes risk reduction.
Partial success in managing flood risks; however, systemic
issues persist.
Sustainable urban planning is critical for long-term flood risk
mitigation.

Inferences

Addressing socio-economic factors (e.g., unplanned growth)
is as crucial as technical solutions.

Table 9: Guwahati Urban Flood Case Study Analysis (Source: Author)
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5. Comparative

Analysis

Case Study

Primary Focus

Challenges

Key Innovations

Socio-Economic
Considerations

Outcome

reforms

aspects

Don River Urban river Pollution, deforestation, ﬁ;f:;mcmm f;ﬁ';?uiir&pham on Ecological and
Valley, Toronto | restoration urban sprawl Aquatecture engagement recreational revival
PR ) Stormwater . . Ecological
Tieté River, Linear park for | Informal settlements, absorption, linear Weak implementation improvement;
Séo Paulo flood mitigation | displacement park of resettlement plans social injustice
Port Maria & | Flood-resilient Poverty, resource Buoyant housing High affordability and Eggﬂ‘fﬁﬁy
Bliss Pastures | housing constraints designs local adaptability resilience
. : ., | Restored Limited integration ' .
Guwa_hatl_ Urban flood Poor |_nfra_5tructure_ rapid wetlands, planning | with socio-economic Partla_lly mitigated
India management urbanisation flood impacts

Table 10: Comparative Analysis of Case Studies (Source: Author)
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3. Framework for Riparian Resilience
1. Understanding Encroachments: Causes and Consequences

A. Root Causes of Encroachments

e High population density and urban migration.

e Inadequate urban planning or enforcement of zoning laws.

e Proximity to workplaces, economic opportunities, and services.
o B. Consequences of Encroachments

« Reduction of floodplain capacity and increased waterlogging.

e Compromised structural integrity of flood defences (e.g., bunds and
embankments).

o Loss of biodiversity and degradation of riparian ecosystems.
e Increased vulnerability of informal settlements to flooding.
e Consequences of Encroachments:
o Reduction of floodplain capacity and increased waterlogging.

o Compromised structural integrity of flood defences (e.g., bunds and
embankments).

o Loss of biodiversity and degradation of riparian ecosystems.

o Increased vulnerability of informal settlements to flooding.
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2. Framework for Strategic Intervention
A. Immediate Actions
e Mapping and Zoning:

o Conduct GIS-based surveys to demarcate flood-prone zones,
including floodplains and buffer zones.

o Overlay current encroachments on hazard maps to prioritise areas
for intervention.

e Regulatory Enforcement:

o Impose moratoriums on new construction within identified high-risk
zones.

o Restrict activities that degrade riparian areas, such as unauthorised
sand mining or construction.

B. Mid-Term Actions
o Buffer Zone Establishment:

o Follow international riparian buffer guidelines (e.g., 30—-100 meters
wide, depending on slope and flood risk).

o Designate buffer zones as protected areas under municipal or state-
level environmental regulations.

e Infrastructure Improvement:
o Desilt Budameru drainage systems to restore natural flow capacity.

o Construct flood-resilient embankments or retention basins to contain
overflow.

¢ Relocation and Rehabilitation:

o Relocate informal settlements to safer areas with planned
infrastructure.

o Provide affordable housing close to economic centres to minimise
relocation resistance.

C. Long-Term Actions
e Restoration of Riparian Ecosystems:

o Introduce wetlands and vegetative buffers to absorb floodwaters and
improve water quality.

o Use native plant species to stabilise riverbanks and reduce erosion.

e Integrated Urban Planning:
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o Include flood mitigation strategies in city master plans, integrating
green and blue infrastructure.

o Develop mixed-use flood-resilient zones that balance urban growth
and ecosystem health.

3. Design Guidelines for Buffer Zones
A. Width and Composition:

¢« Minimum width of 30 meters for sediment control; extend to 100 meters in
high-risk areas.

e Three layers:

o Native vegetation along banks (trees and shrubs).

o Intermediate grassy strip to slow runoff.

o Outer buffer with controlled human activities (e.g., recreation).
B. Width and Composition:

e Incorporate flood-tolerant uses such as parks, sports fields, or temporary
markets within outer buffer zones.

C. Width and Composition:

o Use variable-width buffers to account for topography, soil infiltration rates,
and urban runoff intensity.

4. Addressing Encroachments Technically and Socially
A. Technical Measures
e Flood-Resilient Construction:

o Use stilted or amphibious architecture for communities that must
remain near water bodies.

o Implement watertight basements and floating foundations in
moderate-risk areas.

e Drainage Upgrades:

o Install bioswales and permeable surfaces to enhance infiltration and
reduce surface runoff.
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B. Community Engagement
e Awareness Campaigns:

o Educate residents on flood risks and the ecological benefits of
riparian zones.

o Highlight successful examples (e.g., Guwahati’s flood restoration).
e Incentives for Compliance:
o Provide financial or logistical support for resettlement.

o Encourage public-private partnerships for affordable housing
development.
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5. Optimising Surface Runoff Pathways on Terrain for Flood Mitigation

e This script aims to model water movement patterns across specific
topographical surfaces and identify optimized flow trajectories that can be
converted into built infrastructure or designed landscape elements.

e The approach combines environmental modelling techniques,
computational analysis methods, and landscape architectural principles
within an adaptive framework capable of responding to diverse climatic
conditions and urban environments.

Fig 21: Grasshopper Script [Optimising Surface Runoff Pathways]

Maheedhar Sai K. /1200100936 / 2020-2025 45



Resilient Waterfront Urbanism:
Redesigning an Urban Block for Flood Adaptive living and Crisis Interdependence

6. Terrain Analysis and Data Structuring.

1. Input Terrain Acquisition and Rasterization The computational process
initiates through the importation of topographical geometry, whether
configured as NURBS Surface formats or Mesh structures accessed
through Rhino platforms, typically sourced from GIS databases or LiDAR
scanning technologies. This imported surface undergoes systematic
subdivision into two-dimensional grid arrangements utilizing Divide
Domain? and Construct Point functions. Such operations establish
consistent terrain sampling at predetermined intervals, -effectively
converting fluid topographical data into organized, raster-based information
networks.

Each grid coordinate position receives evaluation through the Evaluate Surface
function to determine corresponding Z-axis elevation measurements. These
collected measurements are organized within tree-based data structures that
replicate two-dimensional matrix configurations, facilitating directional indexing for
individual points in relation to adjacent neighbours (North, South, East, West, plus
diagonal orientations). This rasterized configuration proves essential for supporting
hydrological modelling processes and graph-based route optimization.

6. Hydrological Simulation

.1. Flow Direction Calculation Water movement simulation occurs through
elevation comparisons between individual grid points and their surrounding
neighbours, employing Vector Subtraction and Distance calculation
methods. This process produces directional vectors that indicate steepest
descent angles at each location, effectively replicating gravitational water
flow behaviour across terrain surfaces.

Custom conditional logic modules identify directions exhibiting the greatest
negative elevation differentials (representing steepest downward gradients),
establishing primary flow directions for each computational cell. This approach
parallels the D8 methodology frequently employed in hydrological studies for flow
direction analysis.

6. Flow Accumulation

1. After establishing flow directions, the computational system proceeds with
flow accumulation calculations. This involves iterative tracing of each
point's downslope trajectory while counting upstream points that contribute
drainage to specific locations. More directly stated, this process tallies
neighbouring cells that provide runoff contributions to designated points,
thereby identifying convergent valley formations and potential stream
channel locations.
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The outcome generates a scalar field distribution across terrain surfaces that
indicates relative water volume accumulation patterns, providing essential metrics
for determining optimal locations for controlled channel implementation.

6. Graph-Based Pathfinding and Channel Optimization

A.

Graph Construction Through raster data framework utilization, each grid
point functions as a Node within graph structures, with connections (edges)
linking to neighbouring adjacent points. Edge weights receive assignments
based on several factors:

« Elevation differential measurements
« Slope resistance characteristics
e Flow accumulation priority rankings

. These weight assignments encode the "expense" associated with water

movement through individual connections, where reduced resistance
values indicate more favourable flow conditions.

. Optimal Path Generation (A/Dijkstra Algorithm) Efficient runoff path

extraction employs shortest-path algorithms (including Dijkstra's or
modified A* algorithms). The computational system evaluates multiple
starting positions (high accumulation zones) and determines least-
resistance pathways toward designated outlets or boundaries (typically
located at minimum elevations or constructed drainage areas).

Results consist of primary flow corridor networks, representing optimal
runoff channels that translate into constructed swales, culvert systems,
bioswales, or green infrastructure corridors.

These pathways avoid arbitrary selection processes; instead, they reflect
inherent terrain characteristics and respond dynamically to environmental
variables including rainfall intensity and soil permeability (incorporated as
parametric inputs in upstream computational components).

6. Optimization and Scenario Testing

A.

Interactive Parameter Tuning Critical parameters affecting flow

characteristics including grid resolution settings, slope threshold values,

rainfall intensity measurements, and permeability coefficients are

accessible through slider interfaces for designer manipulation. This

interactive functionality enables real-time adjustment capabilities and

exploration of diverse hydrological scenarios.

Consider these examples:

.1.1.Reducing slope threshold parameters increases available drainage
pathway options, creating denser network configurations.

.1.2. Elevating rainfall intensity values alters flow accumulation distributions
and may expose previously unrecognized terrain vulnerabilities.

.1.3. Multi-Criteria  Optimization Advanced applications incorporate
Galapagos (evolutionary solving software) to optimize drainage
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pathways according to multi-objective performance standards,
encompassing:
e Minimum path length requirements
e Maximum flow accumulation scores
e Reduced slope variation parameters
e The objective involves producing runoff channels that demonstrate
hydrological effectiveness, construction feasibility, and aesthetic
compatibility with comprehensive landscape planning.

6. Visualization and Interpretation

.1. Heatmap Generation Enhanced interpretability results from converting flow
accumulation information into color-coded heatmap representations using
Gradient functions. High accumulation areas display warmer colour
schemes (such as red and orange tones), providing visual identification of
critical water convergence zones. This creates immediate visual indicators
for flood risk areas and design intervention requirements.

.2. Path Export and Integration Final runoff pathways are generated as polyline
outputs, prepared for integration into Rhino environments or exportation to
GIS applications. These pathways support direct conversion into:

e Terraced drainage landscape features

e Bioswale corridor systems

e Permeable roadway alignments

e Rain garden and detention basin installations
Consequently, the computational script functions beyond analytical capabilities,
operating as a generative design framework capable of informing both
comprehensive planning scales and detailed design specifications.
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6. Scalable Riparian Buffer through Grasshopper for Flood Mitigation

1.

Objectives

Riparian buffer zones serve as essential ecological systems that help reduce
fluvial flood impacts while maintaining water quality and supporting natural
habitats. Urban development has frequently eliminated or reduced these
protective areas due to restrictive planning policies and inadequate
environmental oversight. To tackle this challenge, | created a computational
framework using Grasshopper that produces responsive, site-specific riparian
corridors. This approach emphasizes flexibility, scalability, and evidence-based
design principles that connect digital modelling with hydrological and
environmental science.

Fig 22: Scalable and Slope conscious Riparian Buffer
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2. Methodological Framework
The computational approach draws from recognized environmental protocols
for buffer zone planning, particularly implementing the "Variable-width Buffer
with 100-ft Base Width" framework. This established model is translated into an
adaptive, rule-driven Grasshopper workflow that processes variables including
terrain gradient, wetland location, and impermeable surface coverage to
produce responsive buffer geometries.

3. The workflow encompasses five primary phases:
e Stream Boundary Definition
e Terrain Analysis and Gradient Classification
e Dynamic Buffer Width Calculation
e Wetland and Impermeable Surface Integration
e Exclusion Zones and Refined Geometric Output

4. Implementation:
4.1.Stream Boundary Definition

e The foundational input consists of a polyline or NURBS curve that
defines the stream or river edge, commonly extracted from aerial
photography, GIS datasets, or direct CAD digitization.

e This baseline curve serves as the reference geometry for all subsequent
computational processes.

4.2. Terrain Analysis and Gradient Classification

e Topographic information is introduced through contour data or digital
elevation models represented as surface geometry within Rhino. Slope
values along the stream corridor are determined through:

e Terrain sampling at regular intervals perpendicular to the stream
alignment using Evaluate Curve and Surface Closest Point functions.

e Computing elevation differences between sample points through Vector
2Pt and Vector Length operations, then converting to slope percentages
by accounting for horizontal spacing.

e The foundational buffer width remains constant at 100 ft (30.5 m). An
increment of 2 ft (0.61 m) is applied for each 1% of slope, following the
established formula:

o Buffer Width =100 + (0.61 x Slope %)

o This relationship is executed through Expression and Graph
Mapper components to ensure smooth transitions and user
flexibility.

o Dynamic Buffer Width Calculation

= The computed buffer dimensions drive the outward offset
of the stream edge, creating perpendicular extensions at
each curve segment. This generates a variable-width
offset that responds to topographic conditions.
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4.3.The implementation combines:
Divide Curve for establishing control points,
Perp Frames for determining offset vectors,
Move or Offset operations using distances from slope-width computations.
The outcome is a riparian boundary that adjusts its width according to slope
conditions, fulfilling ecological requirements for effective stormwater
management.

For impermeable surfaces (such as roadways, parking areas, structures
within the riparian area):

e Buffer zones are expanded by the impermeable surface width to
accommodate increased runoff quantities and velocities.

e This is managed through conditional logic using Dispatch and
Region Intersection components, with impermeable areas
represented as closed polygonal shapes.

4.4.Slope-based Exclusion and Refined Geometric Output

e Areas with slopes greater than 25% are removed from buffer width
calculations.

e This exclusion is achieved by filtering slope values above the threshold
prior to width multiplication.

e Buffer segments located on excessively steep terrain are eliminated from
the final output using Surface Split and Cull Pattern operations.

e The final productis a refined, continuous polyline or surface representing
the complete riparian buffer extent, prepared for visualization, analysis,
or transfer to GIS/CAD platforms.

5. Adaptability and Application Scope

5.1.This computational tool is deliberately developed to be location-
independent and scalable. Through customizable terrain inputs and
adjustable core parameters (including slope modification factors, maximum
widths, buffer classifications), it accommodates:
e Urban waterway corridors with complex topography
e Agricultural drainage basins adjacent to wetland systems
¢ Dense urban environments with extensive impermeable coverage
e The framework provides utility for both regional ecological planning and

localized design applications including greenway development,
floodplain restoration, or vegetated buffer implementation.
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6. Connection to Flood Management and Urban Adaptation

From a systems analysis perspective, the generated buffer operates as green
infrastructure. Through its response to slope conditions, surface characteristics,
and wetland proximity, it establishes a graduated filtration and absorption system
that:

e Decreases surface flow velocities,

e Enhances groundwater recharge,

e Captures sediments and pollutants,

e Accommodates flood overflow in natural spreading patterns.

This buffer configuration reestablishes hydraulic balance between waterways and
adjacent lands, reducing fluvial flood damage potential. The parametric adaptability
enables iterative design exploration, allowing practitioners to optimize ecological
function within existing spatial limitations.
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7. Kund Network as a Vernacular form of Runoff control
Introduction

8.

Definition

Kunds are traditional, artificial catchment-based water storage systems
prevalent in arid and semi-arid regions of western India, particularly
Rajasthan, Gujarat, and parts of Madhya Pradesh. Designed to harvest and
store rainwater, kunds typically consist of a circular or square underground
tank, often lined with lime mortar or stone masonry to prevent seepage. A
catchment area around the tank is sloped inward to direct rainwater into the
central storage pit through carefully constructed inlets or filtration systems.
These structures were ingeniously integrated into local topography and built
using locally available materials, showcasing indigenous knowledge of
water conservation in water-scarce regions. Kunds have historically served
as a critical water source for drinking and domestic use, especially in areas
with limited access to perennial water bodies. In addition to their functional
role, they often held socio-cultural significance, with some kunds being
associated with temples or community gatherings. Today, reviving and
integrating such traditional systems with modern water management
practices is gaining renewed attention in the context of sustainable
development and climate resilience

o Typology

= Unlike stepwells (baolis), kunds are closed systems; typically,
circular or square underground tanks with a covered or
partially covered top. While baolis are often large, open, and
feature steps leading down to the water level, facilitating public
access and social interaction, kunds are more compact and
designed primarily for rainwater collection and preservation.

= Kunds were constructed with the specific intent of storing
potable water, primarily for drinking purposes. Their enclosed
design helped reduce evaporation and prevent contamination
from dust, animals, or human activity, which was especially
critical in arid climates where every drop of clean water was
precious.

= These systems were often associated with individual
households, temples, or small community centers, and were
sometimes considered sacred due to their life-sustaining
function. In many cases, families maintained private kunds,
while larger communal ones were maintained by the village or
temple authorities.

= Architecturally, kunds featured a sloping catchment area
made of stone, lime plaster, or compacted earth, directing
rainwater into a central well-like tank. Many were also fitted
with sedimentation chambers or basic filtration systems to
improve water quality before it entered the main storage.
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= The presence of kunds reflects a highly localized,
decentralized water management system, emphasizing self-
sufficiency, conservation, and respect for natural resources.
Their simple yet effective engineering principles continue to
inspire modern water harvesting models, especially in
drought-prone and remote regions.
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Fig 23: Working of a Kund

8. Contextual Background

A.

Geographic and Climatic Constraints
o Areas like the Thar Desert receive less than 250 mm of rainfall

annually, making water scarcity a persistent challenge for local
communities. This extremely low and erratic precipitation pattern
necessitates innovative and resilient water storage solutions.
Groundwater in these regions is often saline, deep, or entirely
inaccessible, rendering it unsuitable for drinking and domestic use.
As a result, communities have historically relied on rainwater
harvesting systems to meet their water needs, with kunds playing a
vital role in ensuring year-round availability.

Kunds were ingeniously tailored to hyperlocal topography, seasonal
monsoon patterns, and soil permeability, ensuring maximum
efficiency in capturing and storing rainwater. The design of the
catchment area, slope orientation, and filtration inlets were adapted
to specific site conditions, minimizing runoff loss and contamination.
These systems were not just functional but also reflected a deep
understanding of environmental stewardship, often constructed
through collective community effort and maintained as shared
resources.
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o In addition to their practical utility, kunds often held cultural and ritual
significance, with many located near temples or sacred groves,
serving as focal points for social and religious gatherings.

o With growing concerns about water scarcity, climate change, and the
degradation of traditional knowledge systems, there is increasing
interest in reviving and modernizing kunds as part of decentralized,
community-led water management strategies. Their low-tech, low-
cost, and ecologically sensitive design makes them especially
relevant for contemporary sustainable development efforts.

8. Architectural Form and Construction
.1. Structural Composition
e Tank Geometry: Circular or ovoid underground tanks (depth 2—10 m,
diameter 3—12 m).
e Catchment Area (Agor): Paved or compacted surface with a centripetal
slope leading to the mouth of the tank.
2. Materials:
e Tank walls: Stone masonry or brick, finished with lime plaster, ash, or
surkhi for waterproofing.
e Agor surface: Stabilized using lime or compacted earth; often enclosed
with low walls to avoid contamination.
3. Filtration:
e Sedimentation basins at inlets.
e Pebbles or charcoal layers.
e Covered entry points with mesh or stone grills to filter organic waste.
4. Cover and Access
e Domed or flat stone covers prevent evaporation and contamination.
e Small openings (kundis) are used to draw water using ropes or hand
pumps.

8. Hydrological Principles
1. Rainwater Harvesting Logic

e Rainwater from the surrounding catchment area is guided into the central
tank through stone-lined or earthen channels, which are carefully graded
to ensure smooth, sediment-free flow. The catchment surfaces are often
treated or compacted to enhance runoff efficiency, minimizing infiltration
losses and maximizing water collection during brief and sporadic rainfall
events.

e These channels sometimes incorporate simple filtration systems, such
as gravel beds or sand traps, to reduce the entry of debris, silt, and
organic matter into the tank. This not only prolongs the usability of the
stored water but also reduces the frequency of cleaning and
maintenance.
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Overflow arrangements, typically in the form of waste weirs or scuppers,
are integrated into the design to safely discharge excess water during
heavy downpours. These features prevent erosion, structural damage to
the tank walls, and the loss of stored water through breaches or
uncontrolled spillage.

The overflow is often directed into nearby open land, soak pits, or
agricultural fields, facilitating groundwater recharge and ensuring that no
rainwater goes to waste.

The tank itself is usually plastered with lime mortar or lined with stone
masonry to reduce seepage losses and maintain water quality. In some
cases, roofs or partial covers are added to protect the water from
evaporation and contamination.

The entire system represents a passive, low-energy method of water
management, relying on gravity and local materials, and requiring
minimal mechanical intervention an excellent example of sustainable
vernacular engineering.

.2. Groundwater Isolation

o

Many kunds are lined with impermeable materials such as lime mortar,
stone slabs, or compacted clay to prevent seepage and avoid
contamination from saline or brackish groundwater an issue common in
arid and semi-arid regions like Rajasthan and Gujarat. This lining not
only preserves water quality but also enhances the longevity of the
structure by reducing structural degradation caused by salt ingress.

In some traditional practices, natural waterproofing agents like lime,
jaggery, and bael fruit pulp were mixed into the mortar to improve the
sealing of the tank. Such indigenous methods highlight the deep
environmental knowledge embedded in local construction practices.
Kunds are often constructed in a conical or stepped circular form, which
serves multiple purposes: structurally, it stabilizes the tank walls and
helps resist soil pressure; functionally, it reduces the surface area of
water exposed to sunlight and air, thereby minimizing evaporation and
contamination.

This shape also enables efficient desilting and cleaning, as debris
naturally settles at the narrower base and can be more easily removed
during maintenance cycles.

The high-water retention efficiency of kunds made them critical survival
tools during drought years, often providing the only reliable source of
drinking water when all other sources failed.

Their thoughtful geometry and material treatment reflect an early
understanding of thermodynamics, hydrogeology, and water
conservation, long before the advent of modern engineering.

Some larger kunds were also designed with a dual purpose, serving both
as a drinking water source and as part of a broader rainwater harvesting
network that supported irrigation or recharged nearby wells through
overflow channels.
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o In recent years, there has been a growing interest in reviving and
retrofitting kunds using modern techniques, such as geosynthetic
linings and automated inflow regulation, while preserving their traditional
form and community-cantered approach.

8. Socio-Cultural Dimensions
o Sacred Associations:

A.

Kunds near temples are often named after deities, such as Surya
Kund, Vishnu Kund, or Shakti Kund, reinforcing their spiritual
importance and associating the act of water conservation with divine
duty. These names not only reflect religious affiliations but also help
embed the structure into the collective memory of the community.
Many kunds are integral to ritualistic architecture, forming a
transitional space for purification before entering temple sanctums.
Devotees often take ritual baths in these tanks, especially during
specific festivals like Makar Sankranti, Navratri, or local temple fairs,
where water is symbolically linked with physical and spiritual
cleansing.

In some traditions, kunds are considered tirthas (sacred water
bodies), believed to carry curative or purifying properties. They are
featured in myths and oral histories, with stories that elevate their
status and reinforce their conservation through religious reverence.
The design of sacred kunds is often more elaborate, with carved
steps, ghats, pavilions (chhatris), and occasionally sculptures,
blending functional utility with aesthetic and spiritual significance.
These spaces often fostered a unique blend of architecture,
landscape, and ritual performance.

o Community Stewardship:

A.

Maintenance of kunds was traditionally managed by local caste
guilds, temple trusts, or village councils (panchayats). These groups
took responsibility for periodic desilting, repair of catchment
channels, and reapplication of waterproof linings before each
monsoon.

Seasonal cleaning was often conducted as a communal activity,
particularly before festivals or religious events. Such practices
reinforced collective responsibility, embedding stewardship into the
social fabric of the village or town.

Strict social norms were enforced to preserve the sanctity and
hygiene of the kund, especially for those designated for drinking or
ritual use. Rules prohibited entry with shoes, disposal of waste, or
the presence of animals within the catchment area. Violations could
lead to social censure or religious atonement.
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4.

In some cases, specific caste groups (e.g., kumhars, masons, or
water-carriers) were assigned custodial roles, maintaining not only
the structure but also knowledge of its hydrological behavior, repair
techniques, and seasonal cycles.

o This shared governance model ensured long-term functionality and
respect for the kund, far beyond its technical utility, framing water
management as a moral, social, and spiritual duty.

8. Contemporary Relevance
.1. Decline and Disuse

A.

Post-independence water policies in India emphasized large-scale,
centralized infrastructure, such as dams, borewells, and piped water
supply systems. These top-down approaches often marginalized
traditional water systems like kunds, which were seen as outdated,
labor-intensive, or limited in scale, despite their ecological and social
value.

Urbanization and changing land use patterns have led to the
physical degradation and encroachment of many kunds. Expanding
cities, roads, and construction projects have either filled up or built
over these ancient tanks, severing their catchments and destroying
the hydrological connections that once fed them.

. Loss of traditional custodianship and breakdown of community-

based maintenance systems have further accelerated the decline.
As younger generations migrated to urban centers and temple-
based guilds lost influence, the knowledge systems and rituals that
sustained kund upkeep were abandoned.

. Pollution from untreated sewage, solid waste, and industrial runoff

in growing peri-urban areas has turned many once-sacred kunds
into stagnant, unusable ponds. Without active community or
institutional intervention, these systems have been forgotten or
repurposed without concern for their heritage or utility.

Climate change impacts, including reduced and erratic monsoon
rainfall, have rendered some kunds functionally defunct in regions
where catchments have been degraded or sealed by urban
surfaces, further diminishing their relevance in contemporary water
planning.

.2. Revival and Integration

A.

NGOs such as Tarun Bharat Sangh, Aga Khan Trust for Culture, and
local grassroots organizations have played a key role in reviving
kunds by mobilizing communities, reconstructing catchments, and
applying traditional knowledge in combination with scientific
techniques. These efforts have restored not only the physical
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structures but also the cultural and communal practices around
them.

. Government schemes under programs like Jal Shakti Abhiyan and

the Atal Mission for Rejuvenation and Urban Transformation
(AMRUT) have begun incorporating the restoration of traditional
water bodies, including kunds, as part of broader strategies for
sustainable urban and rural water resilience.

. Revived kunds are now being reimagined as multi-functional urban

elements serving as eco-tourism attractions, cultural heritage sites,
and green infrastructure components in integrated water-sensitive
urban design (WSUD).

. In several locations, hybrid models combine traditional kund

structures with modern upgrades, such as UV or sand-based
filtration systems, overflow and drainage management, and digital
water monitoring. This fusion maintains the original intent of the kund
while adapting it for contemporary health and efficiency standards.

. Educational institutions and conservationists are also documenting,

mapping, and researching kunds as part of a growing effort to
mainstream vernacular water wisdom into architectural education,
public policy, and climate adaptation strategies.

. These efforts represent a larger paradigm shift from ignoring

traditional systems to valuing them as climate-resilient, community-
centric, and culturally significant components of sustainable water
governance.

7. Comparative Systems

Feature Kunds Baolis (Stepwells) Tankas
Form Closed, covered tank Stepped open tank Underground cistern
Function Drinking water Community use, rituals  Household use

Region Rajasthan, Gujarat Gujarat, Madhya Pradesh Gujarat, Rajasthan
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Fig 24,25;26: Kunds of Rajasthan and Gujarat documented Source: (Centre for
Science and Environment, n.d.)
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8. Surface Runoff Visualization Through Vector Field Density
Fig 27: Grasshopper Script of Surface Runoff Simulation

Clean Tree|
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Abstract

The approach utilizes vector field principles, strategic point sampling techniques,
and controlled line density variations to produce clear, spatially coherent
visualizations that replicate water movement patterns across topographic surfaces.
The resulting visual line density corresponds directly to zones of heightened runoff
activity, establishing a flow gradient system that can guide decision-making
processes in landscape architecture, drainage system design, and flood-adaptive
urban planning strategies.

1. Objectives

This script's primary objective extends beyond simple hydrological data
representation to create visual interpretations of surface water dynamics that
integrate seamlessly with architectural and landscape design methodologies.
Conventional hydrology software, particularly GIS platforms, frequently separates
analytical data from creative design processes. This computational approach
seeks to close that divide by converting slope-based vector information into flowing
line networks, where density, direction, and extent communicate runoff
characteristics, providing an immediate, expressive, and adaptable framework for
terrain analysis.

2. Methodological Framework and Script Organization

The Grasshopper definition consists of two main processing modules, organized
through color-coding for operational clarity:

2.1.Terrain Analysis and Flow Vector Generation (Red Module)
2.1.1. Geometric Input Parameters and Setup

e Surface or Mesh Integration: The foundational topographic
data consists of NURBS surface geometry or triangulated mesh
structures imported directly from Rhino.

e Boundary Definition and Domain Establishment: A
rectangular or custom polygonal boundary defines the sampling
region, allowing the script to operate within specific or
strategically chosen terrain sections.

e Sampling Density Parameters: Through Construct Domain,
Range, and Series components, the surface undergoes
discretization into UV coordinate grids. This parameter controls
the analytical resolution of flow calculations.

2.1.2. Point Distribution and Elevation Data Extraction

Individual UV grid coordinates are processed using Surface Closest
Point or Evaluate Surface functions to obtain corresponding three-
dimensional coordinates. This process generates a point cloud that
represents the terrain's elevation characteristics.
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These coordinates serve as the computational nodes for runoff vector
analysis.

2.1.3. Gradient Analysis and Direction Vector Development

e Using Vector2Pt or Cross Reference operations, the script
evaluates each point against adjacent neighbours (horizontal
and vertical directions) to determine local slope vectors.

e The Vector Display component provides visual confirmation of
gradient vector accuracy.

e Through Average, Vector Sum, or Mass Addition operations, the
script creates smoothed gradient fields that represent local
runoff trajectories at each sampling point.

2.2. Runoff Trajectory Modelling

e These slope vectors undergo extension through Move, Scale, or
Amplitude operations, generating initial flow lines that simulate
downhill water movement.

e The lines can be processed through iterative mechanisms (such as
Anemone plugin functionality) to recursively extend or track water
paths across multiple iterations, following terrain gradient patterns.

e Line extension length or continuation parameters are adjusted based
on slope intensity, calculated using Vector Length or angular
relationships with vertical reference vectors.

2.3.Flow Representation and Density Control (Green Module)
2.3.1. Line Multiplication and Density Logic

Each initial sampling point functions as an origin for one or multiple
runoff trajectories.

The script incorporates line replication or variation mechanisms based
on slope intensity:

¢ Remap Numbers component scales slope data to appropriate
ranges for controlling line quantity generation.

e Dispatch, Cull, or Random Reduce components adjust line
density distribution, ensuring concentrated line placement in
high-slope areas where water accumulation occurs rapidly.

e Optional Graph Mapper controls provide refined response curve
management (exponential, sigmoid functions), enabling
designer customization of density response characteristics.

2.3.2. Visual Enhancement and Colour Application

e The script incorporates Gradient components to apply colour
coding based on slope magnitude or runoff intensity.
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e Colour schemes typically progress from light tones (minimal
runoff) to dark or saturated values (intense runoff), commonly
using blue colour ranges for water-related visualizations.

e Line weight, opacity, or animation sequences (for design
presentations) can be enhanced using this analytical data.

2.4.Final Output Processing

e The complete line collection undergoes flattening and cleaning
through Clean Tree or Cull Null operations, then transfers to Rhino
with optional labelling or legend systems.

e Custom Preview components enable high-quality viewport display
with material properties and shadow effects for rendering
applications.

3. Design Applications and Architectural Integration

e This runoff modelling system contributes to broader investigations in
environmentally responsive design methodologies. Applications include:

o Site Development and Drainage Strategy: ldentifying erosion-prone
areas or locations requiring water management infrastructure.

e Ecological Landscape Design: Analysing habitat hydrology patterns and
green infrastructure corridor planning.

e Environmental Architecture: Converting invisible environmental
dynamics into readable spatial organization systems.

e Material System Development: Applying runoff patterns to inform paving
design, vegetation placement, or building envelope articulation.

4. System Flexibility and Future Development

e The script maintains modular construction allowing various extensions:

e Integration with live precipitation data through APl connections or GIS
layer imports. Combination with soil infiltration rates or vegetation
coverage for enhanced hydrological accuracy.

e Development into interactive visualization tools using Rhino's Human Ul
or Blender animation capabilities.

e The system also offers potential for generative form development, were
roof configurations, contour terracing, or absorbent infrastructure could
emerge directly from this flow analysis framework.
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9. Conclusion

The Framework that compiles all the analysed information aims to offer a
comprehensive and actionable strategy for addressing the dual challenges of
encroachments and inadequate buffer zones in flood-prone urban areas like
Budameru. By integrating ecological principles, innovative urban planning, and
flood-resilient architectural designs, the framework ensures a balance between
urban development and environmental sustainability.

Recognising the intricate interplay between human activity and natural water
systems, the framework emphasises adaptive measures such as riparian buffer
restoration, community-driven relocation strategies, and flood-adaptive
infrastructure. This approach not only mitigates flood risks but also fosters
community resilience, enhances biodiversity, and promotes long-term ecological
health. By embracing an interdisciplinary, context-specific approach, cities can
transform vulnerable riparian zones into dynamic, sustainable, and flood-resilient
landscapes, setting a replicable precedent for managing urban flooding
challenges.
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